Different methods have been developed to estimate of genotype by environment interaction (GEI) in crop plants. In this study, 14 kabuli type chickpea genotypes were assessed for seed yield in four stations over three successive years (2010)(2011)(2012)(2013) at west highlands of Iran. Randomized complete block design was used in all test environments with four replicates. Combined analysis of variance for seed yield revealed significant differences between genotypes, locations, and interaction between these two sources. The mean seed yield of genotypes averaged over environments showed that V4 and V2 had the highest (1163.58 kg ha -1 ) and the lowest seed yield (759.07 kg ha -1 ), respectively. Significant GE interaction implied that chickpea genotypes had various responses to different environments and, the stability analysis could be performed. To investigate GEI and identify the best performing stable genotypes, several stability parameters were employed. According to Wricke's ecovalance, stability variance, Plaisted method, and genotypic stability V5, V8 and V3 were the most stable genotypes. Based on CV, regression coefficient and MS(GE), V1 and V5 found to be stable and adapted to diverse environments, and the other genotypes distributed among stability statistics. Based on the AMMI biplot, 12 test environments divided into two mega environments. These mega environments included very cold districts like Maragheh and similar areas, and relatively softened regions of Kurdistan and similar environments. For these two mega environments, V6 and V4 showed more adaptability, respectively. In conclusion, the two genotypes, V4 (FLIP 00-39C) and V6 (FLIP 99-26C) could be recommended as new cultivars to chickpea farmers for autumn sowing in west areas of Iran.
Introduction
Chickpea is one of the most important components of agricultural systems in Iran (Kanouni et al., 2006) . Iran ranks seventh in chickpea growth and production after India, Australia, Turkey, Myanmar, Pakistan and Ethiopia (FAOSATA, 2012) . Chickpea (Cicer arietinum L.), which is the unique agronomic species in genus Cicer, provides a non-expensive and high quality protein rich source for poor societies. Chickpea has two Desi and Kabuli types, which are sowing in different parts of the world, and one has preference over another based on consumer's taste. During 2011-12, production and the area under sowing of chickpea in Iran were 300 thousand tone and 550 thousand ha, respectively (Danyali et al., 2012) . Average seed yield of chickpea in Iran is 350 kg ha -1 , which is lower than world's average. Whereas, potential yield of 4000 kg ha -1 has been recorded in a farm in Syria (Singh & Saxena, 1999) . This gap between average and potential yield of chickpea could be due to susceptibility of this crop to the abiotic constraints.
al., 2009; Raffi et al., 2004) .
From three components of phenotypic variation (Genotype, environment and genotype by environment interaction), so far the highest attention allocated to genotype (Halluer & Miranda, 1981) . Between other two components, environment and GEI, during last decades GEI has investigated more (Lin et al., 1986) . In this regard, different regression models have been applied widely, and several univariate and multivariate parametric and non-parametric statistics have been suggested to identifying response of genotypes to the environmental variations.
Phenotypic stability has been studied widely by biometricians, who have developed several methods for its analysis (Eberhart & Rusell, 1966; Lin & Binns, 1988) . Lin et al. (1986) have classified stability parameters in three groups namely type I, II and III. By type I, a genotype has named stable when its environmental variance is small. Environmental variance S i 2 (Romer, 1917 ; cited from Becker & Léon, 1988) , regression coefficient (Finley & Wilkinson, 1963) , and coefficient of variation (Francies & Kanenberg, 1978) are belonging to this group. In type II, which stability of Shukla (Shukla, 1972 ), Wricke's ecovalance (Wricke, 1965) , variance mean of Plaisted and Peterson (1959) , Plaisted (1960) variance, and regression coefficient of Finlay and Wilkinson (1963) classified in this group, a genotype is stable when its response to environment is parallel with average response of all experimental genotypes. In the stability type III, which includes squared deviations from the regression (Eberhart & Russell, 1966) and coefficient of determination (Pinthus, 1976) , a genotype considers stable when mean of residual squares is smaller than regression models on environmental index. Later Lin and Binns (1988) proposed a fourth type. In type IV, a variety considers to be stable if the year mean square in locations is small. Wricke (1962) suggested that contribution of a genotype in interaction's sum of square could be used as an estimate of stability (w i ). Shukla (1972) , to obtain an unbiased estimate of GEI variance for each genotype, made changes in ecovalance (w i ) and called it stability variance. Francis and Kannenberg (1978) used coefficient of variation of each genotype as an estimate of stability. Lin and Binns have developed a priority index (P i ) or superiority measure of genotypic performance, which defined as the distance mean square between the cultivar's response and the maximum response averaged over all locations. Kang (1988) suggested a rank-sum method that provides selection for yield and the stability variance statistic, simultaneously. Rank-sum obtains via summation rank of mean yield and rank of Shukla's stability variance. However, lower rank-sum indicates greater stability. Based on Tai's stability parameters (Tai, 1971) , a perfectly stable cultivar has λ = 1 and α = -1. Average stability can identify by (α, λ) = (1, 0). In higher and lower than average, α is smaller and larger than zero, respectively.
Multivariate stability statistics have been proposed to eliminate noise from the data, and to reveal the structure in the data (Akter et al., 2014; Zobel et al., 1982) . One of the most applicable multivariate parameters, which have a high scientific validity, is additive main effects and multiplicative interactions (AMMI) method. AMMI model increases the probability of high yielding genotypes selection (Zobel et al., 1982) . Furthermore, this model has integrated analysis of variance (ANOVA) and principal component analysis (PCA) which applies to estimate the main effect of genotypes as well as genotypic and environmental components of interaction, respectively. However, the AMMI model does not make provision for a quantitative stability measure, such a measure is provided by AMMI stability values (ASV) which quantify and rank genotypes according to their yield stability (Purchase et al., 2000) .
There is little information on the yield stability of chickpea in Iran. Hence, the objectives of this study were: (1) to identify high and stable yielding chickpea genotypes across environmental variation and (2) to study the measure of genotype × environment interaction in chickpea genotypes.
Material and Methods
Data analyzed in this study obtained via a set of yield trials conducted during three consecutive years, 2010 to 20 13, at four experimental stations of west of Iran including Kurdistan, Maragheh, Urmia and Hamedan. More details about these locations has presented in Table1. At each environments (year by location integration), 13 elite chickpea genotypes which were developed by International Center for Agricultural Research in the Dry Areas (ICARDA), as well as one local check, Djam (Table 2) , studied in randomized complete block design (RCBD) with four replicates. The experiments were conducted on 1 st week of October and plant population density was maintained with 35 plants per m 2 in all locations. For each location every year, analysis of variance was performed. At the next step, Bartlett's homogeneity test of variances was accomplished. Subsequently, referring to result of Bartlett's test, combined analysis of variance was done (Crossa, 1990) . Stability statistics including coefficient of variation (Franscis & Kannenberg, 1978 ), Wricke's ecovalance (Wricke, 1962) , Shukla stability variance (Shukla, 1972) , regression line slop (Finlay & Wilkinson, 1963) , genotypic stability (Hanson, 1970) , Plaisted stability parameter (1960) , mean square of GEI (Lin & Binns, 1988) , priority index (Lin & Binns, 1988) , and Tai's alpha and lambda (1971) were performed for each genotype. Rank-sum method (Kang, 1988) , as one non-parametric statistic was measured for experimental genotypes. Among multivariate stability parameters, AMMI model was used to investigate of GE interaction and could be indicated as below (Thillainathan & Fernandez, 2001) :
Where,
isyield of genotype by environment, µ is grand mean, is genotype mean deviations, is environmental mean deviations, is eigen value of PCA axis n, and are genotype and environment PCA scores for PCA axis n, N is number of PCA axes retained in the model and is residuals.
To employ of AMMI stability value (ASV), the following equation was proposed by Purchase et al. (2000) :
The ASV is the distance from zero in a two dimensional plot of IPCA1 (Interaction Principal Component Analysis axis 1) scores against IPCA2 scores. Since the IPCA1 score contributes more to G × E sum of squares, Vol. 7, No. 5; it has to be weighted by the proportional difference between IPCA1 and IPCA2 scores to compensate for the relative contribution of IPCA1 and IPCA2 total G × E sum of squares.
A detailed explanation on mathematical basis of AMMI analysis and its interpretations has been presented by Hussein et al. (2000) . All analyzes performed using SAS GLM procedures (SAS Institute, 1999).
Results and Discussion

Analysis of Variance
Prior to combined analysis of variance, homogeneity of error variances of twelve experiments was determined by Bartlett's test. Result of this test revealed that environments were not heterogeneous. However, combined analysis of variance of environment, genotype, and GE interaction were significant for seed yield (Table 3) . Significant GE interaction implied that chickpea genotypes had various responses to different environments and, the stability analysis could be performed to estimate the adaptation of the genotypes. More than 70% of the total sum of square explained by environment, whereas, only 3% of variation attributed to genotypes and 11% of that variation explained via GE interaction. Gauch and Zobel (1988) believe that, low variance of genotypic effect may be due to proximity of genetic potential of the test genotypes. Note. S.O.V. = source of variation; d.f. = degree of freedom; SS = sum of square; MS = mean square; ** = Significant at 1% probability level.
Mean seed yield of chickpea genotypes varied between 1163.5 kg ha -1 for V4 and 756.02 kg ha -1 for V2 (Table 5 ). Grand mean of seed yield over 12 locations and mean yield of check variety (Djam) were 1007.26 and 968.91 kg ha -1 , respectively. The least significant difference (LSD) value for means comparison was189.87 kg ha -1 . The LSD value shows that there were significant differences among genotypes (P ≤ 0.05).
Stability Analysis
Regression of location on seed yield for 14 chickpea genotypes across different location and year combinations analyzed and results have shown in Table 4 . These results imply that, genotype by environment interaction (linear) is significant (P < 0.05). This significant effect identified linear relationship between yield of genotypes and environmental index. In other words, the slope of the regression line for test genotypes is not same for all. Vol. 7, No. 5; The genotypes with significantly higher ecovalance (W i ) (P < 0.05) are presented in Table 5 . Corresponding to Wrick's ecovalance (W i ), genotypes of V5, V8, and V3 had less ecovalance than others, respectively and considered more stable genotypes across environments. Based on Plaisted method (θ (i) ), genotypes V5, V8, and V3 estimated higher value of θ (i) and were considered more stable than others. Regression coefficient (b i ) of varieties on the environmental index, ranged from 0.597 to 1.333. According to this parameter (Fransis & Kanenberg, 1978) , genotypes with line slop close to one have general adaptability. Regards to this parameter, all genotypes in this study, unless V2, V6 and V11 were not significant. In fact, these genotypes have potential to increase their seed yield with improvement of environmental conditions. According to the of coefficient of variation proposed by Fransis and Kanenberg (CV), genotypes V9 and V12 with less CV and high seed yield seems to be more stable. In line with Lin and Binns statistics (P i ) and MS(GE), it could be seen that, V4, V6, and V9 have less P i values and are considered relatively stable . Though, based on MS(GE), genotypes V1, V5, and V7 were stable. Lin & Binns (1988) tested both Pi and MS(GE) against the MS of deviation from regression. Based on stability variance (σ i 2 ) of Shukla (1972) , residual variance for each genotype was calculated and explored that, genotypes of V5, V8, and V3 had less variance. Becker and Léon (1988) suggested that ecovalance (Wricke, 1962) and stability variance (Shukla, 1972) give same results for ranking of genotypes. Hanson (1970) has proposed a genotypic stability (D i 2 ), which based on this statistic genotypes V3, V5, and V1 were most stable. Considering regression procedure of Tai (1971) , the highest stability was obtained by genotypes V6, V9 and V12 ( Figure 1 ). As shown in Figure 1 , a three-dimension plot presents the genotypes that have alpha and lambda amounts closer to -1 and 1, respectively. Based on this procedure, V3 and V5 could be selected as stable genotypes. Non-parametric statistic of rank-sum (Kang, 1988) showed that V1, V5, and V8 had desirable stability. All these genotypes had lower performance than grand mean. Using this parameter, V2 with lowest seed yield identified as the most non-stable genotype.
It is common that, it will be difficult to find a unique strategy for evaluating the stability of all varieties across all environments. Some of scientists believe that, should use all stability analysis methods including parametric and non-parametric, univariate and multivariate methods and then take a general conclusion (Kang, 1988; Yan & Kang, 2003 Note. * Significant at 5% probability level; LSD 5% = 189.87 kg ha Analysis of additive main effects and multiplicative interactions (AMMI) for seed yield of 14 elite chickpea genotypes at 12 environments are presented in Table 6 . As can be seen, 82.2% of the total sum of squares is attributed to the environmental effects, and only 4.6% has allocated to genotype and 13.2% to genotype by environment interaction. Large amount of environment SS imply that experimental environments are varied, and great differences between mean of environments has created main portion of variations in seed yield of experimental genotypes. Results of this analysis also showed that the first principal component of interaction (first component of AMMI) accounted for approximately 43% and second principal component accounted for about 24% of the GEI sum of squares, and cumulatively both AMMI1 and 2 explained approximately 67% of the total interaction of GE. Primary evaluations showed that, all estimated principal components are significant at 1% level. Meanwhile, residual (noise) included about 13% of GE sum of square. In this study, the best estimated model has obtained via two IPC1 and IPC2 components. Although some authors suggest use of four main components as necessity to estimate the AMMI model (Thillainathan & Fernandez, 2001 ); however, review of the literatures suggests that factors such as the type of crop plant, germplasm diversity, and range of environmental conditions are effective on the degree of complexity of the estimated model (Malhotra & Singh, 1991; Atta & Shah, 2009; Acikgoz et al., 2009 ).
In order to observe the pattern of interaction between genotype and environment and interpret the results, biplot polygons were used (Yan & Kang, 2003) . Corresponding to GGE biplot method and through symmetric scoring, biplot of IPC1 against IPC2 was drawn and given in Figure 2 . In this biplot, 65 percent of variation explained belongs to GE interaction and genotypes with highest distance to the origin of coordinate have attached together with dash line and made biplot polygon. Among these genotypes, entries such as V6, V11, and V4, which are vertices of the polygon, produced the highest seed yield in this study. Based on the biplot, five rays divided the biplot to the five sections and environments fell in three of them and vertex genotype for this section is V6, indicating high yielding genotype for theses environments is V6. Similarly, environments U2 and H1 fell into section 2 and there is no vertex genotype. Another section including K1, K2, K3, H3, and U3 and vertex genotype for this section is V4. Vol. 7, No. 5; Genotypes, such as V1, V7, V8, and V5 which were close to the origin of coordinate produce average yield at all of experimental environments. Figure 2 implies that there are two main environments for cold highlands of West Iran. First one corresponding with very cold regions, Maragheh and similar environments, where identified with genotype V6, and second one is corresponding with Kurdistan and same environments, where has relatively milder temperature and determined with V4. On the other hand, both AMMI1 and 3 explain more than 53% of variation, which cannot be ignored. Here, we presented the second biplot, which confirms somewhat the former biplot and show the consistent situation of V6 and V2 (Figure 3 ). This biplot suggests that genotype V6 with high IPC1and low IPC3 can be considered as more stable genotypes for most of environments. The AMMI stability values (ASV) were calculated according to Purchase et al. (2000) . The results showed that the first two PCs explained 66.7% of variance of data set (Table 7) . According to the ASV, V5, V7, and V1 are most stable genotypes, respectively. This parameter is comparable with other stability statistics (Purchase et al., 2000) . Vol. 7, No. 5; Spearman's coefficient of rank correlation was employed for each of pair wise comparisons of the ranks of stability parameters (Table 9 ). The mean of seed yield was correlated to the stability parameters Pi (r = 0.96 * * ), D 2 i (r = -0.57 * ), and Tai's α i (r = -0.55*). Ecovalence (W 2 i ), stability variance (σi 2 ), D 2 i , λi and AMMI stability value (ASV) were highly correlated (P ≤ 0.01). These results showed that one of these parameters could be used as a substitute for the others in GE interaction study of chickpea. Plaisted stability parameter (θ (i) ) had high negative correlation with stability variance (σ 2 i ), D 2 i , λ i and Purchase's AMMI stability value (ASV). Regression coefficient (b i ) had positive correlation with ASV at 5% probability level. Correlation between coefficient of variation (CV), D 2 i and α i was significant at 5 and 1 percent probability levels, respectively. P i had positive and significant correlation with the procedures of MS(GE) and RS. Desirability index (D 2 i) correlation with Tai's stability parameter (λ i ) and ASV was positive and significant (P ≤ 0.01). Meanwhile, rank sum (RS) was correlated with ASV at 5% probability level. Purchase et al. (2000) found same findings in a wheat study. Note. * and ** = Significant at 5 and 1 percent probability levels, respectively.
Comparison of Stability Parameters
Conclusions
An ideal variety should be adaptable to a wide range of growing conditions, with above average yield and below average variance across different environments. In the present study, AMMI stability value (ASV) had correlations with a number of other procedures, which imply that AMMI analysis was more efficient than univariate stability parameters and ASV procedure can be useful to rank genotypes. AMMI model, according to two first principal components, has graphical ability to determine chickpea genotypes with high seed yield, stable performance, and broad adaptation. The genotype V5 (FLIP 97-230C) presents high seed yield stability; however, its mean performance was not desirable. Overall, genotypes V4 (FLIP 00-39C) and V6 (FLIP 99-26C) can be recommended to western cold zone farmers of Iran to autumn planting of chickpea. Further studies are warranted to understand why in same environment a genotype is more stable than the others, which could be helpful for breeding high yielding stable chickpea cultivars in the region.
